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(57) Abstract: Monoclonal antibodies reactive with p ( 1-3) -glucans are disclosed. More precisely, two monoclonal antibodies, B3B 
and AlOA. reactive with |5 (1-3) -glucan and/or [5 (1-3) (1-6) -glucan asiuciated epitopes in Dree, no n -associated fomi, and/or in cell 
wall firagments of CaruUda 3ndCrypi€H:occus is disclosed. Further, AlOA is also reactwe with a [$ (1-6) (1-3) -glucan epitope present 
on the intact cell surface of C. albicans, C. parapsilosis^ C. krusei, C. glabraia and/or C. neoformans. Said antibodies can be used for 
the detection of free, cellwall associated, and/or cell surface associated p (1-3) glucans utilizing immunoassays or immunohistology 
for the laboratory diagnosis of fungal infections. They may be used also for detection of airbom mould, or mould present in dust, 
water, or in any other component. 
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ANTIBODIES REACTIVE WITH P ( 1 - 3 ) -GLUCANS 



Technical field 

The present invention relates to new antibodies re- 
active with (1-3) -glucans, as well as to the use of such 
antibodies . 



the growing number of immunocompromised patients (7) . Al- 
most all of these infections occur in critically ill pa- 
tients suffering from an underlying disease. 

In Candida species which are the most common fungi 

15 isolated from patients with invasive fungal infection, 
the yeast cells are surrounded by a rough, rigid cell 
wall that represents 2 0-25% of the dry weight of the 
cells (9) . The cell wall of C. a.lhica.ns and 5. cerevisiae 
consists of about 85-90% polysaccharide, 10-15% protein, 

20 and a small amount of lipids (19, 20) . The polysaccharide 
components consist of mannan, glucan, and a small amo\int 
of chitin. Most of the proteins are covalently linked to 
the mannan (mannoprotein) , which is located in the outer- 
most layer of the cell wall. A fraction of the proteins 

25 is also covalently linked to glucan (8) . The proportions 
of these different components vary with the species, but 
in S. cerevisiae there are approximately equal propor- 
tions of mannan and glucan, and about equal amounts of 
alkali -soluble glucan and alkali- insoluble glucan (3) . 

30 The glucan microf ibriles are located mostly in the inner 
part of the cell wall . The high mannose content present 
in C. albicans cell wall is absent in C. neoformans, and 
glucose is the major monosaccharide constituent of the 
cryptococcal cell wall. The cell wall of uncapsulated C. 

35 neoformans is composed mainly of glucan. 



5 



Background of the invention 



Fungal infections may occur at many places in the 
human or animal body, e.g. in the vagina or in the oral 
cavity. 



10 



Invasive fungal infections are increasing because of 
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P (1-3) -glucans are unique for all medically impor- 
tant fungi and are shed during growth (16) . Thus, deter- 
mination of P (1-3) -glucans appear to be a useful marker 
in the laboratory diagnosis of deep fungal infections. 

The analysis of p (1-3) -glucans is based on the bind- 
ing of the polysaccharide to the coagulation factor G. 
This glucan test, however, has some limitations. It does 
not react exclusively with P (1-3) glucans, since also (1- 
3) (1-4) -a-D-glucan (negaran) and (1-2) (1-3) (1-6) -a-D- 
glucan (yeast a-D-mannan) , and (1-6) -P-D-glucan (gyro- 
phoran) may activate the G factor (18) . The reactivity of 
factor G is also dependent on the molecular weight, con- 
formation and degree of branching of the glucans (18) . 
Moreover, there are some contradictions regarding its ef- 
fectiveness of determining glucans in Cryptococcus neo- 
formans infections (17) , 

Compounds with a high binding specificity for P(l- 
3) -glucans would be useful tools for providing an analy- 
sis of p (1-3) -glucans in any body fluid, such as blood, 
urine, or in biopsy specimens of patients with suspected 
fungal infections, and consequently for providing a labo- 
ratory diagnosis of fungal infection. 

Summary of the invention 

The object of the present invention is to provide 
antibodies reactive with /3 (1 -3) -glucans as present in 
free form, in cell wall fragments, and in intact fungal 
cells with a high specificity for use in the laboratory 
diagnosis of fungal infections - 

According to a first aspect of the present inven- 
tion, a monoclonal antibody reactive with /3 (1-3) -glucans 
is provided. Said antibody is reactive with /3(l-3)- 
and/or /3(l-3) (1-6) -glucan associated epitopes in free, 
non-associated form, in cell wall fragments and/or on an 
intact cell surface. Said antibody is B3B or AlOA. 

According to a second aspect of the invention, the 
use of said antibody for the diagnosis of fungal infec- 
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tions is provided. Further, said antibody may be used for 
the detection of medically important fungi, e.g. mould, 
in air, water, dust or other components. 

According to a third aspect of the invention, a di- 
5 agnostic kit for the diagnosis of fungal infections com- 
prising said monoclonal antibody is provided. 

According to a fourth aspect of the present inven- 
tion, a method for diagnosing fungal infections compris- 
ing said monoclonal antibody is provided. Additionally, a 
10 method for detecting medically important fungi, e.g. 
mould, is provided. 

Brief description of the drawings 

Figure 1 shows the antibody activities of AlOA and 

15 B3B to P(l-3) (l-6)-glucan, p (1-3 ) -glucan, p(l-3)(l-4)- 
glucan, P (1-6) -glucan, Candida albicans cell wall frag- 
ments (CaCW) , and Cryptococcus neofoxmans cell wall frag- 
ment (CnCW) as analyzed by ELISA at a dilution of 1/10. 
The antibody activity is expressed as the absorbance 

20 value. 

Detailed description of the invention 

As Stated above, the cell wall of all medically im- 
portant fungi contains a unique polyglucose compound, a 

25 P (1-3) -glucan. /3 (1-3) -glucans refer to polysackarides 

having the basic unit iS(l-3) , These glucans may be j8(l- 
3)-glucans without side chains, or may be branched to 
various degrees having ^3(1-6) side chains, /3 (1-3) (1-6) - 
glucans. The side chains may be varied with respect to 

30 the number of /3(l-6) per /8(l-3), the length of /S(l- 
6) branched ^9(1-3) etc. 

Murine monoclonal antibodies were produced against 
linear /? (1-3) -glucans and P (1-6) -branched p ( 1-3 ) -glucans 
(also called y3(l-3) (1-6) -glucan) and their specificity 

35 was characterized- The antibodies were analysed for reac- 
tivity to other p-glucans, fungal cell wall fragments, 
and intact fungal cells. 
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Two monoclonal antibodies, AlOA and B3B, reactive 
with P(l-3)-glucan and P(l-3) (l-6)-glucan in ELISA, rec- 
ognized immunoreactive epitopes in Candida albicans and 
non- encapsulated Cryptococcus neoformans cell wall frag- 
5 ments (CaCW, CnCW) (fig 1) . The AlOA epitope was present 
in both P (1-3) -glucan and p (1-6) -glucan. The B3B epitope 
included p (1-3 ) -glucan, but most probably not P(l-6)- 
glucan. Thus, B3B appeared to recognize the i8(l-3)- 
linkage, present in /? (1-3) -glucan and jS(l-3) (1-6) -glucan, 

10 while AlOA reacts with glucan consisting of both types of 
linkages, i.e. reacts with jS (1-3 ) -glucans, /3 (1-6) -glucans 
and /S(l-3) (1-6) -glucans . 

By indirect immunofluorescence only AlOA recognized 
a p(l-3) (1-6) associated epitope on the intact cell sur- 

15 face of C. albicans, C. parapsilosls, C. krusei, C, 
glabrata, and C. neoformans. 

In summary, B3B demonstrated the presence of immuno- 
reactive epitopes, i.e. jS (1-3) -glucan and j8(l-3) (1-6)- 
glucan, in cell wall fragments of C. albicans and C. neo- 

20 foxjnans (fig 1), as well as in free form p(l-3)- and P(l- 
3) (1-6) -glucans (table 2), while AlOA in addition recog- 
nized a P(l-3) (1-6) -glucan associated epitope that was 
readily available on the surface of whole cells of C. 
neoformans and all Candida species tested. 

25 Thus, the two monoclonal antibodies to P(l-3) - 

glucans, AlOA and B3B, could be used in combination (al- 
though not excluding also separately) in an immunoassay 
for the detection of free, cellwall associated or cell 
surface associated P (1-3) -glucans . Thereby, they are of 

30 help in laboratory diagnosis of fungal infections, in 

particular deep fungal infections, but also superficial 
infections, such as Candida vaginitis or mucocutane can- 
didiasis . 

Thus, in the research work leading to the present 
35 invention murine monoclonal antibodies directed against 
P (1-6) -branched P (1-3) -glucans were characterized by 
ELISA with- respect to crossreactions with P(l-3)-, p(l- 
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6)-, P (1-4) (1-3) -glucans, C. albicans and C. neoformans 
cell wall fragments. The presence of a p glucan epitope 
on the surface of the cell wall of C. albicans, C. parap- 
silosis, C. glabrata, C. -Icrusei, an uncapsulated mutant 
5 of C. neoformans was investigated by immunofluorescence 
microscopy. 

We present what to our knowledge is the first mAb 
(AlOA) that reacts with a P(l-3) (1-6) -glucan epitope on 
the intact cell surface of Candida. 
10 By a /8 (1-3) -glucan associated epitope is meant an 

epitope which is present in /? (1-3) -glucans, and /8(1-3)(1- 
6) -glucans . 

By a ^(1-3) (1-6) -glucan associated epitope is meant 
an epitope which is present in jS (1-3) -glucans, /8(l-6)- 
15 glucans, and /?(l-3) (1-6) -glucans . 

Materials and Methods 

Strains and condition of growth 

C. albicans ATCC 64549, C- glabrata ATCC 90030, C. 

20 parapsilosis CCUG 37233, C. kirusei ATCC 6258, and an un- 
capsulated C. neoformans strain 602 were cultivated in 
Sabouraud dextrose broth, at 37^C overnight. The conver- 
sion of yeast to germ tube and hyphal forms of C. albi- 
cans was carried out by transferring the C. albicans 

25 yeast cells to RPMI 1640 and cultivation at 37oC for 18h- 

Antigens 

Cell wall fragments 

Cell wall fragments of C. albicans (CaCW) and C. 

30 neoformans strain 602 (CnCW) were prepared by treatment 
of the yeast cells by glass beads as described earlier 
(12) . The glucan structure in CaCW is composed of branch- 
ing p(l-3)(l-6) linkages. The cell wall of uncapsulated 
C. neoformans is composed mainly of a(l-3) (1-4)D and p(l- 

35 3) (1-6) -glucans (6) . 
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Glucans 

Glucan from Saccharomyces cerevisiae with p(l-6)- 
branched p (1-3 ) -linked glucose residues [P (1-3) (1-6) glu] , 
Alcaligenes faecalia curdlan with (1-3) -p-linkages [P(l- 
3)] , and glucan from barley with (1-4) (1-3 ) -P-linkages 
[p(l-4) (1-3)] were purchased from Sigma (St Louis, USA), 
Pustulan from lichen Umbilicarla papullosa with (1-6) -P- 
linked glucose residues [P(l-6)] was purchased from Cal- 
biochem (San Diego, USA) , According to the manufacturer 
pustulan contained only glucose. The purity of the glu- 
cans of baker yeast, curdlan, and barley were 98, 99 and 
96% respectively, according to the specifications. Table 
1 summarizes the trivial names, physical properties, and 
sources of the P -glucans used in this study. P(l-3) (1- 
6)glu, p(l-4)(l-3), and P(l-3) were dissolved in 0.3M 
NaOH at a concentration of 20 mg/ml . P(l-6) was dissolved 
in water at lOO^'C at a concentration of 20 mg/ml- 



20 



Table 1 

structural and physical properties o£ P -glucans used in this study 



Trivial Type of link- Source 

name ages 



Molecular Solubility Linear/ 
weight in branched 

water 



Yeast glu- 
can 

Curdlan 

Barley 
Pustulan 



P (1-3) (1-6) -D- Saccharomyces 17,000 
cerevisiae 

Aicaiigrenes 294,000 
faecal is 

Barley plant 23,000 
CAnbiiicaria 20,000 
papullosa 



p(l-3) -D- 

P(l-4) (1-3) -D- 
3(1.6) -D- 



insoluble branched 

insoluble linear 

insoluble linear 

soluble linear 



Antibodies to P-glucem 
Production of mAbs 

For the production of mAbs female Balb/c mice (6-8 
25 weeks old) were immunized intraperitoneally (i.p) with 
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either 50 of P(l-3) (2 mice), p (1-3) (1-6) glu (4 mice) 
or 2.5 X lO"' cells of formaldehyde treated uncapsulated 
C. neoformans (4 mice) suspended in 200 /zl PBS containing 
Ifig of cholera toxin, which was used as an adjuvant (23) . 
5 Two and four weeks later, the mice received intraperito- 
neal injections with the same amount of antigen. One week 
after the last injection, blood was collected and the an- 
tibody response to P(l-3) (1-6) glu analyzed by ELISA. Af- 
ter an additional week another injection with the same 
10 amount of antigen was given, and three to four days later 
the animals were killed and their spleens used for fu- 
sion. 

Myeloma cells were cultured in Iscoves medium sup- 
plemented with 2mM L-glutamine, penicillin (100 U /ml) , 
15 streptomycin (100 /xg//il) and 1% (w/v) fetal bovine serum 
(growing medium) . Cell fusion and selection of hybrids 
were carried out as described by Kohler and milstein 
(11) . Spleen lymphocytes from immunized mice were fused 
with SP2/0 murine myeloma cells at a 5:1 ratio using PEG 

2 0 150 0 (Boehringer Mannheim GmbH, Mannheim, Germany) as the 

fusing agent. The fused cells were distributed in 96-well 
culture plates at an approximately density of 4 x 10^ 
cells in 200/xl HAT selection medium (growing medium sup- 
plemented with hypoxanthin, aminopterine , thymidine) . On 

25 day 10 post -fusion, the culture supernatants were 

screened for the presence of antibodies specific to P(l- 
3) (1-6) glu and P(l-3) by ELISA. Positive hybridomas, 
which all were of IgM isotype as determined by ELISA, 
were cloned by limiting dilution on a feeder layer of 

30 Balb/c peritoneal macrophages. Cells were grown in HAT 
medium for two weeks. The HAT was substituted by HT me- 
dium (growing medium supplemented with hypoxanthin and 
thymidine) . Positive clones were cultivated in serum free 
medium HyQ-CCMl (from Hyclone Laboratories Inc, Utah, 

3 5 USA) . 

MAbs were purified by (NH4) 2SO4 precipitation fol- 
lowed by affinity chromatography on agarose gel with co- 
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valently linked IgG goat anti -mouse IgM (Sigma, St Louis, 
USA) - The fraction was dialyzed against PBS overnight at 
4°C. The protein concentration was determined by 
Coomassie protein assay reagent kit (Pierce, IL; USA) . 
5 The protein concentration was' adjusted to 100 /xg/ml in 1% 
BSA in PBS and stored -70°C. 

ELISA 

Microplate wells (Nunc immunoplate, Denmark) were 

10 coated with 100 /xl of a 50 /xg/ml solution of P(l-3), P(l- 
4) (1-3), P(l-6), CaCW or CnCW and a 20/ig/ml of p(l-3)(l- 
6)glu solution containing 50 mM NaaCOa buffer, pH 9.3. The 
plates were incubated at room temperature (r.t.) for two 
hours and thereafter kept at 4®C overnight. After rinsing 

15 the plate once with PBS, lOO/zl of blocking buffer (BF) 

(1% BSA in PBS) were added to each well and the plate in- 
cubated for Ih at r.t. The plate was rinsed once with 
PBS. mAbs diluted in 1/10, 1/50, 1/100 and l/lOOO in PBS, 
were added to each well (100/xl) and incubated for two hr 

20 at r.t. Hereafter the plate was rinsed three times with 
0.05% Tween-20 in PBS (PBS-T) between each incubation 
step. Biotinylated rabbit anti-mouse IgM (DAKO, Glostrup, 
Denmark) diluted 1/5000 in PBS-T was added to the wells 
(100 /il) . The plate with monoclonal antibodies was fur- 

25 ther incubated at r.t. for 2h, and thereafter 100 /xl of 
alkaline phosphatase conjugated extravidin (Sigma, St 
Louis, USA) diluted 1/1000 in PBS-T were added and the 
plate was incubated at r.t. for 60 min. Para- 
nitrophenylphosphate (Img/ml, Sigma, St Louis, USA) di- 

3 0 luted in diethanol amine buffer (pH 9.8) was added to each 
well and the absorbance was read at 4 05 nm when a suit- 
able color had developed. 

Inhibition-ELXSA 
35 Increasing amounts of p (1-3) (1-6) glu, P(l-3), P(l- 

4) (1-3), p(l-6), CaCW, CnCW (1-1000 /xg/ml) were added to 
series of tubes containing a constant amount of mAb or 
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rabbit serum. The mAbs were also incubated with monosac- 
charide; P-D-glucose, glucose amine and mannose or disac- 
charides; trehalose with a(l-l) , maltose with a(l-4) and 
cellobiose with p(l-4) linkages at the concentration of 
50 and 1000 ^tg/ml . The mAb solutions were incubated at 
r.t. for 30 min and kept at 4**C overnight. The solutions 
were centrifuged to remove any precipitates, and the su- 
pernatant s were analyzed for the remaining antibody ac- 
tivity against CaCW or p(l-3) (l-6)glu, as antigens. The 
mAb AlOA and B3B were diluted 1/50 and 1/2 0 respectively, 
in PBS supplemented with 0.1% BSA for the inhibition as- 
say. The inhibition capacity of an antigen was defined as 
the concentration needed for inhibiting the antibody ac- 
tivity to 50%, i.e. reducing the absorbance to 50% of 
that of the unabsorbed serum dilution (EI50) (14) . 

Ismnuno fluorescence microscopy (IF) 

The immunofluorescence assay was carried out as de- 
scribed by Casanova et.al. with some modifications (2). 
Microorganisms were washed 3 times in PBS, the concentra- 
tion of the cells were adjusted to 10^ cells/ml in PBS 
and drops of the cell suspensions were placed on micro- 
scope slides and allowed to air dry. The microorganisms 
were fixed for 20 min with 0.2% formaldehyde in PBS. The 
microscope slides were washed in 3 changes of PBS for a 
total of 15 min. MAbs (20 fil) diluted 1/20 in PBS, were 
added to the slides and were incubated at r.t. for 60 min 
in a moister chamber. The slides were washed as described 
above, Biotin conjugated rabbit anti-mouse IgM (DAKO, 
Glostrup, Denmark) diluted 1/100 in PBS was added and 
slides were incubated at r.t for another 60 min. FITC- 
conjugated avidin (Sigma, St Louis, USA) diluted 1/200 in 
PBS was added (20/il) to the slides and were incubated at 
r.t. for 3 0 min in a moister chamber. The slides were 
washed as above and rinsed with distilled water, and 
mounted with Kaiser's glycerol gelatin (Merck, Darmstadt, 
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Germany) . The cells were examined with a Zeiss photo- 
microscope equipped with fluorescence. 



Examples 
5 Sxanrple 1 

Specificity of mAbs against P (1-3) -glucans 

MAbs were screened against P(l-3) (1-6) glu and P(l- 
3) - Only mAbs of IgM class were found. Out of four se- 
lected mAbs two were further analyzed- The reactivity of 
10 AlOA and B3B against p (1-3 ) (1-6) glu and p(l-3), p(l-4)(l- 

3) , p(l-6), CnCW, and CaCW were studied (Fig. 1). AlOA 
showed a high antibody activity against all antigens ex- 
cept for p(l-6), and P(l-4) (1-3) . B3B showed an overall 
lower activity against the antigens. The highest antibody 

15 activity was obtained against CaCW followed by CnCW. It 

was inteirmediate against P(l-3) and low against P(l-3)(1- 
6) glu, while it was not active against p(l-6) and p(l- 

4) (1-3) . The highest antibody activity for both mAbs was 
found against CaCW. In addition, AlOA showed a high ac- 

20 tivity against P(l-3) (l-6)glu. 

The cross -react ion between P(l-3) (l-6)glu or CaCW 
and the various glucan antigens were studied by inhibi- 
tion-ELISA. 

It was found that the EI50 of AlOA for the homologous 
25 antigen, P(l-3) (1-6) glu, and CnCW were almost identical 
(6 and 5 ^g/ml, respectively) (Table 1). EI50 for P(l-3) 
and p(l-6) was 7- fold higher. EI50 for P(l-4) (1-3) and 
CaCW was more than 6 0 and 4 0 times higher respectively, 
than the p(l-3) (l-6)glu or CnCW. 



30 
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Table 1 

Inhibition of the anti-P(l-3) (1-6) glu and CaCW antibody activities of 
AlOA by absorption with p (1-3) (1-6) glu, p{l-3), P(l-4)(l-3), p(l-6). 



CaCW, and CnCW. AlOA was 


diluted 1/50 






EI50 (pig/ml) 


± Standard 


Absorbing agent 


deviation 






P(l-3) (1- 






6) glu* 


CaCW 


P(l-3) (1-6) glu 


6+2 


31+12 


P(l-3) 


40+12 


185+170 


P(l-4) (1-3) 


359+39 


>* 


P(l-6) 


43 + 17 


>♦ 


CaCW 


23 8+112 


56 + 6 


CnCW 


5+2 


6+4 



5 #The absorbance value of the unabsorbed antibody was 1.8 against p(l- 
3) (1-6) glu and 1.2 against CaCW. 

* No inhibition at the highest concentration tested, 1000 ug/ml. 

The AlOA activity against CaCW showed that CnCW was 

10 a 9- fold stronger inhibitor than the homologous antigen 
(Table 1). In addition, P (1-3) (1-6) glu was also stronger 
as inhibitor than CaCW. Els© for CaC!W was almost twofold 
higher (56 /ig/ml) than that of p (1-3) (1-6) glu (31 /xg/ml) . 
Thus, the AlOA epitope involved the branching region of 

15 the glucan, the P(l-3) (1-6) linkage, which was available 
to a higher extent in CnCW than in CaCW. 

The specificity of B3B to CaCW was analyzed by inhi- 
bition-ELISA. The EI50 for CaCW and P(l-3) was roughly the 
same and they were more than 15 times higher that of EI50 

20 for P(l-3) (l-6)glu (Table 2). P(l-4){l-3) and CnCW did 

not inhibit the ant i -CaCW antibody activity at the high- 
est concentration tested. The EI50 for P(l-6) was almost 
40 -fold higher than that of p(l-3) (1-6) glu. This inhibi- 
tion pattern of B3B differed from that of AlOA by the 

25 lack of inhibitory effect of CnCW, while still being in- 
hibited by p (1-3) (l-6)glu. Thus, the B3B epitope was 
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highly exposed by the free form of P(l-3) (1-6) . None of 
the mono- and disaccharides inhibited the anti-p(l-3) (1- 
6)glu antibody activity of the two mAbs . 

5 Table 2 

Inhibition of the B3B anti- CaCW antibody activity by absorption 
with P(l-3) (l-6)glu, p(l-3), P(l-4){l-3), p(l-6), CaCW, and CnCW. The 
mAb was diluted 1/20 in in PBS containing 0.1% BSA. The absorbance 
value was 0.4 of the unabsorbed antibody. 



Absorbing 




agent 


Biso (Mg/nl) 


p(l-3) (1-6) glu 


20 


P(l-3) 


450 


P(l-4) (1-3) 


>* 


P(l-6) 


750 


CaCW 


306 


CnCW 


>* 



10 *> , no inhibition at the highest concentration tested (lOOO/ig/ml) . 
Example 2 

Availability of P(l-3)(l-6) epitopes on the cell surface 
of Candida and C. neofojrmans 

15 The availability of p (1-3) (1-6) -glucan for antibody 

binding on the cell surface of various Candida species 
and C . neoformans were analyzed by IF microscopy using 
AlOA and B3B. Yeast and mycelial forms of C. albicans, C. 
parapsilosis, C. krusei, C. glahrata and the uncapsulated 

20 mutant of C. neoformans were all positive by IF (Fig. 3) 
The intensity of fluorescence differed depending on the 
morphology and distribution of the antigens in the cell 
wall. Uncapsulated C. neoformans was strongly immunoreac- 
tive with AlOA. This mAb also stained the yeast and myce- 

25 lial forms of C. albicans, but somewhat weaker. The other 
species of Candida, C. parapsilosis, C. krusei and C. 
glabrata were all stained with AlOA. 

B3B did not stain any of the fungal strains. 
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Discussion 

While AlOA reacted with an epitope exposed on the 
cell surface of intact fungal cells / the other one recog- 
nized an epitope present in the cell wall fragments only. 
5 Both mabs reacted with the free form P(l-3) or P(l-3)(1- 
6)-glucan. The mycelial form of Calhicana was stained 
with AlOA to the same degree as the yeast form as shown 
by IF. 



10 sent in p(l-6) . MAbs directed against p(l-6) and P{1- 
3 ) (1- 6) -glucans have been described earlier (4, 22). The 
mAb directed against P(l-6) as obtained by immunization 
with Zymolyase extract from C.alhicajis was shown not to 
react with epitopes on the cell wall of C. albicans unless 

15 the outer layer, being formed by mannoproteins, was dis- 
rupted by the effect of tunicamycin. Tunicamycin inter- 
feres with the N-glycosylation of proteins so that new 
synthesis of mannoproteins will not become glycosylated 
during cell growth (10) . Thus, AlOA as well as B3B dif- 

20 fered from this P(l-6) epitope binding monoclonal. Re- 
garding the other two reported mAbs, one was suggested to 
be mainly directed against P(l-3) in Schizophyllan {P(l- 
3)-glucan with branching P{l-6) glucose residues) (5), 
while the detailed specificity of the other one with re- 

25 gard to various glucans was not reported. The presence of 
those epitopes on the cell surface of fungi was, however, 
not studied. The mAbs were produced for measuring either 
schizophyllan in serum during treatment by this agent as 
an anti -cancer drug, or for determining the immunological 

30 properties of another anti -tumor polysaccharide contain- 
ing p(l-3) and P (1-6) -glucans (5). Thus, in two of the 
first described monoclonals none was analysed for binding 
activities against native P (1-3 ) glucans exposed in the 
cell wall fragments of Candida or Cryptococcus as was 

35 shown for AlOA and B3B. In order to perform analyses on 
natural components such as intact cells, cell wall frag- 



The novel AlOA mAb also recognized an epitope pre- 
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ments, or shed P(l-3) glucans, only our mabs are charac- 
terized with respect to this. 

Our second mAb B3B did not recognize cell wall anti- 
gens in indirect IF and only weakly in inhibition-ELISA, 
5 Most probably the explanation for this is the presence of 
the epitope mainly in the deeper parts of the cell wall 
and thereby not available on the cell surface of the in- 
tact cell. Yet another explanation could be that it only 
recognizes a particular form of the glucan antigen, since 

10 the weak anti-CaCW activity of B3B was inhibited by p(l- 
3) (1-6) -glucan at a low concentration. Although B3B was 
produced against P(l-3), the Elgo for this glucan regard- 
ing B3B anti-CaCW activity was approximately 15 times 
higher that of p(l-3)(l-6). The fact that p(l-3) is lin- 

15 ear and P(l-3) (1-6) is branched in addition to a 10 times 
higher molecular weight than P (1-3) (1-6) may have influ- 
enced the epitope density. It is also known that the ul- 
trastructure of higher molecular weight P glucans exhib- 
its various forms such as single-helical, triple-helical, 

2 0 and a mixture of both, due to interchain hydrogen bonding 
between each main chain of polyglucose residues (25) • 
Lower molecular weight P glucans adopt a randomly coiled 
form in aqueous solution (1) . The percentage of branch- 
ing, i.e. the number of (1-6)- per (1-3) -linkage may also 

25 differ between different fungal species. The availability 
of epitopes may be higher in randomly coiled regions of 
branched P glucans . 

During growth medically important fungi seem to shed 
P (1-3) -glucan into the culture medium. The concentration 

30 of P (1-3) -glucan in serum from patients with deep fungal 
infections can be very high as determined by the G factor 
based Limulus assay (16, 17, 21). We have found p(l-3)- 
glucan in serum of all patients with candidemia, but in 
none of women with superficial Candida, infection, or 

35 healthy controls (13). Thus, P (1-3 ) -glucan seems to be a 
sensitive assay. However, since also other types of glu- 
cans may activate the Limulus assay (24b) an immunoassay 
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based on two specific antibodies would be more specific. 
Two assays have been reported for the determination of 
^(1-3) glucan levels: the first utilizes a monoclonal IgG 
antibody specific for consecutive alignments of /S(l-3)-D- 
5 glucopyranosyl residues and biotinylated horseshoe crab 
protein, T-GBP, from T^chypleus tridentatus (24) , while 
the second assay employes a high affinity receptor (ga- 
lactosyl ceramide) for 0(1-3) glucans and a mAb that is 
described as being specific for complex fungal cell wall 

10 Pil'3) glucans (15) . The T-GBP-protein - based sandwich 
ELISA was shown to react readily with iS(l-3) glucans in- 
cluding barley P(l-4)(l-3) (24). The other immunoassay, 
based on the capture agent galactosyl ceramide, was shown 
to not react with p(l-3) glucan, a glucan which readily 

15 reacts with our mabs. Furthermore in that report no 
analyses were performed with Candida, or Cryptococcus 
whole cells or cell wall fragments. 

The presence of P (1-3) -glucans in serum of patients 
with deep fungal infections may be a useful marker for 

2 0 laboratory diagnosis of these infections. Future investi- 

gations will address the usefulness of our mAbs to glucan 
in an immunoassay-based kit for the rapid detection of 
iff (1-3) glucans in blood samples, in other specimens from 
patients with invasive fungal infections, or in other 
25 body fluids such as mucosal secretions and urine. More- 
over, the presence of the /3(l-3) or ^5(1-3) (1-6) glucan 
epitope on the intact surfaces of both Candida species 
and non- encapsulated C. neoformans, as seen with AlOA, or 
in cell wall fragments as seen with both AlOA and B3B has 

3 0 not been reported earlier regarding activities of mono- 

clonal antibodies directed against /?(l-3) glucans. 

The antibodies according to the invention can be 
used for the detection of free, cellwall associated-, 
and/or cell surface-associated /8(l-3) glucans utilizing 
3 5 immunoassays or immunohistology for the laboratory diag- 
nosis of fungal infections. Further, they may be used in 
immunotherapy . 
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The antibodies disclosed in the present application 
may also be used for the detection of airborn mould, or 
mould present in dust or water, or in any other compo- 
nent . Thus, the antibodies according to the invention may 
5 be used for the detection of all kinds of medically im- 
portant fungi, for example in connection to allergy prob- 
lems and in the detection of house mould. 
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1, A monoclonal antibody reactive with a /8(l-3)- 
glucan associated epitope. 

2, A monoclonal antibody according to claim 1, 
wherein said antibody is reactive with a /8 (1-3) -glucan 
associated epitope in free, non-associated form. 

3, A monoclonal antibody according to claim 1, 
wherein said antibody is reactive with a ^ (1-3) -glucan 
associated epitope in cell wall fragments. 

4- A monoclonal antibody according to claim 3, 
wherein said (1-3) -glucan associated epitope is avail- 
able in cell wall fragments of C. albicans and/or C. neo- 
formans . 

5. A monoclonal antibody according to any one of the 
claims 1-4, wherein said antibody is B3B. 

6. A monoclonal antibody according to claim 1, 
wherein said antibody is reactive with a ^0(1-3) (1-6)- 
glucan associated epitope. 

7. A monoclonal antibody according to claim 6, 
wherein said antibody is reactive with a i8(l-3) (1-6)- 
glucan associated epitope in free, non-associated form. 

8. A monoclonal antibody according to claim 6, 
wherein said antibody is reactive with a (3(1-3) (1-6)- 
glucan associated epitope in cell wall fragments. 

9. A monoclonal antibody according to claim 8, 
wherein said 13(1-3) (l-6)-glucan associated epitope is 
available in cell wall fragments of C. albicans and/or C. 
neofojcmcins . 

10. A monoclonal antibody according to any one of 
the claims 1-9, wherein said antibody is AlOA. 

11. A monoclonal antibody according to claim 1, 
wherein said antibody is reactive with a /S (1-3) -glucan 
associated epitope available on an intact cell surface. 

12. A monoclonal antibody according to claim 11, 
wherein said /ff (1-3) -glucan associated epitope is avail- 
able on the cell surface of C. albicans, C. parapsilosis, 
C. krusei, C. glabra ta and/or C. neoformans. 
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13. A monoclonal antibody according to claim S, 
wherein said antibody is reactive with a jS(l-3) (1-6)- 
glucan associated epitope available on an intact cell 
surface . 

14. A monoclonal antibody according to claim 13, 
wherein said |S(l-3) (1-6) -glucan associated epitope is 
available on the cell surface of C. ^Ihicana, C. parapsi- 
losiSr C. krusei, C. glabrata and/or C. nGoformans. 

15. A monoclonal antibody according to any one of 
the claims 11-14, wherein said antibody is AlOA. 

16. Use of at least one antibody according to any 
one of the claims 1-15 for the diagnosis of fungal infec- 
tions . 

17. Use of at least one antibody according to any 
one of the claims 1-15 for the detection of mould in air, 
water, dust or other components. 

18. Diagnostic kit for the diagnosis of fungal infections 
comprising a monoclonal antibody according to any one of 
the claims 1-15. 

19. Method for diagnosing fungal infections compris- 
ing performing an assay for the detection of (3(1-3)- 
glucans in a sample using a monoclonal antibody according 
to any one of the claims 1-15, wherein the presence of 

/? (1-3) -glucans indicates a fungal infection in said 
patient . 

20. Method for detecting mould comprising performing 
an assay for the detection of jS (1-3 ) -glucans in a sample 
using a monoclonal antibody according to any one of the 
claims 1-15, wherein the presence of /? (1-3) -glucans 
indicates the presence of mould. 
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see next sheet 



1 . As al 1 required additional search fees were timely paid by Ifac applicant, this international search leport covers all 

searchable claims. 

2 ^ ^ ' searchable claims could be searched without effort justifying an additional fee, titis Authority did not invite payment 
of any additional fee. 

3. Q As only some of die required additional search fees were timely paid by Uic applicant, diis international search repon 
covers only those claims for which fees were paid, specifically claims Nos.: 



^' n required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest Q The adcfitional search fees were accompanied by the applicant's protest 

I I No protest accompanied die payment of additional search fees. 
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Present claims 1-20 relate to a rather broadly defined 
categories of antibodies defined by reference to a desirable 
characteristic or property, namely an antibody reactive with 
P(l-3)- and/or p (1-3) (1-6) -glucan associated epitopes in 
'*free, non-associated form", in cell wall fragments and/or on 
an intact cell. The claims cover all antibodies having this 
characteristic or property, whereas the application provides 
support within the meaning of Article 6 PCT and / or 
disclosure within the meaning of Article 5 PCT for only a very 
limited number of such antibodies- In the present case, the 
claims so lack support, and the application so lacks 
disclosure, that a meaningful search over the whole of the 
claimed scope is impossible. Independent of the above 
reasoning, the claims also lacks clarity (Article 6 PCT) . An 
attempt is made to define the antibody by reference to a 
result to be achieved, because the antibody is not well 
defined. It must be clear from the claims what the antibody 
binds to. This could be achieved by for example a precise 
definition of the epitope, a deposition of the antibody or a 
determination of the 3D-structure of the binding site. 

Claims 1-20 do not meet the requirements of Article 6 PCT in 
that the matter for which protection is sought is not clearly 
defined, because of the expression *^free, non-associated 
form". It is not clear from the description and the claims 
what is meant with the expression "free, non-associated form". 
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Antibodies reactive with P(l-3)- and/or P ( 1-3) (1-6) -glucan 
associated epitopes in ^^free, non-associated form", in cell wall 
fragments and/or on an intact cell are known. 

From the description and claims the application therefore is 
considered to contain two independent inventions, namely: 

A first invention according to claims 1-5, 16-20 that has the 
corresponding "special technical feature" of an antibody reactive 
with a p (1-3) -glucan associated epitope in ^^free, non-associated" 
form or in cell wall fragments. The antibody could be called B3B. 

A second invention according to claims 1-4, 6-20 that has the 
corresponding ^^special technical feature" of an antibody reactive 
with a p(l-3)- and/or p (1-3) (1-6) -glucan associated epitope in 
"free, non-associated form", in cell wall fragments or on an intact 
cell surface. The antibody could be called AlOA. 

According to Rule 13.1 and 13.2, an international application shall 
relate to one invention only or to a group of inventions linked by 
one or more of the same or corresponding "special technical 
features", i.e. features that define a contribution which each of 
the inventions makes over the prior art. 

Thus, the invention lacks unity a posteriori. The applicant is not 
invited to pay an additional search fee for the search of invention 
2. 
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